We studied the perception of forest-dependent communities on climate change with its associated risk and their adaptation strategies in Mizoram, Northeast India. A total of 360 respondents (household heads) were randomly selected from 24 villages across the three different agro-climatic zones prevalent. The community perceived awareness of climate change phenomena in the region with a positive correlation between age, education and occupation of the respondents. The overall perception of climate change in temperature was medium (0.49), while low for change in precipitation (0.26) and seasonal durability (0.23). The community showed overall low score of perception on risk of climate change (0.10) where risk on livelihood and socio-economic factors was higher than risk to environment or forest. Perception on impact of climate change was high for forest abiotic ecological factors (0.66) and flora and fauna (0.62), while medium on livelihood of forest-dependent communities (0.44). The majority (more than 75%) of the respondents agreed that human beings are involved and responsible for climate change. Adoption of adaptive strategies to cope climate change ranged from 0.07 to 0.91, amongst which zero tillage, use of traditional knowledge, forest fire prevention, soil and water conservation techniques, agroforestry practices and social forestry are popular. However, rain water harvesting and investments for crop insurance were adopted on low scores clearly implied by the educational and socio-economic status of the farmers in the majority. The study brings out the knowledge and perceptions to climate change by forest-dependent communities and their adaptive strategies to cope had been assessed. The 
Introduction
Climate change is generally recognized as a major issue having negative impacts on the earth's geological, biological and ecological systems. The trend of global warming has been observed at an increase in global average temperature by 0.8˚C since 1900 [1] . Forest ecosystems are integral to the global biogeochemical cycles and act both as sources and sinks of greenhouse gases (GHGs), which exert significant influence on the earth's climate. Impacts of climate change on forests change tree species composition, growth and productivity [2] , affecting changes in forest area and competition between species [3] , and damage causing natural disturbances. It was also recognized that protective functions of forests get affected by climate change as well. Climate change is expected to exacerbate the vulnerability of forest tribes and communities especially with adverse impact on their livelihood [4] [5] . There are limited livelihood opportunities of the forest dwellers and marginal farmers [6] [7] [8] and therefore these people mostly draw on various non-timber forest products such as bamboo, cane/rattan, broom grass, anchiri (rhizome of Homalomena aromatica) and ethnomedicine related products for income generation. Forests are particularly sensitive to climate change, because the long life-span of trees depends on environmental stability. Unlike in agriculture, adaptation measures for forestry need to be planned well in advance expecting changes in the forests' growing conditions. Because the forests regenerated today will have to cope with the future climate conditions of at least several decades, often even for more than 100 years [9] . The impact of climate change on forest and biodiversity has recently become an issue of increasing importance [10] . Though there have been several reports on climate change on agriculture [11] , studies pertaining to forest and biodiversity are somewhat limited.
Climate change not only directly affects the species diversity, but may also interacts with other human stressors especially in fragile/hilly ecosystems like Mizoram causing disruptions to food webs and other ecological services. It is believed that climate change affecting the forests will continue resulting in a change in many of the services that the forest ecosystem is able to provide. Once a decline in forest ecosystem services sets in, the ability of forest-dependent people to meet their basic needs for food, clean water and other necessities declines, deepening poverty, deteriorating public health and increasing social conflict [12] [13] . The forest dwellers, adjacent farmers and even considerable pro- socio-economic and ecological well-being [14] .
A great number of studies have been done on farm level adaptation to climate change across different countries [15] - [23] . In India, farmers' perception of climate change and their adaptation strategies are evident in works done on dry forests of Kalakad-Mundanthurai Tiger Reserve [24] , two villages of Uttarakhand [25] , in four villages of Maharasthra and Andhra Pradesh [26] , in dry land
Tamilnadu [27] , in Chotanagpur plateau of eastern India [28] , in Himalayan landscape [29] [30], West Bengal [31] . These studies reveal that farmers' adaptation strategies to climate change are depended on local resources and contexts.
Considering the majority of livelihood proportion in rural areas, and continuously depends largely on climate-sensitive sectors, such as rain-fed agriculture, community based forest enterprises, dependence on non-wood forest products (NWFPs) among others, it is expected that the impact of climate change on forest-dependent communities of Mizoram will have serious livelihood problems.
Assessing the vulnerable and potential impacts of climate change on the forests and livelihood in Mizoram is therefore critical to its development and effective climate management measures. However, our understanding of deteriorating climate crisis and its impacts on the forest dwellers' livelihood, their perception and adaptation strategies are inadequate, whose understanding will provide a better location specific insights and generate additional information for relevant policy and decision making. Despite advances in physical and biological research, assessment of climate change form a socio-economic perspective is essential to prepare a roadmap for capacity building of local communities for effective adaptation and mitigation strategies. Therefore, an attempt was made in this study to identify perception and other socio-economic factors influencing adaptation strategies that are pursued by the forest-dependent communities in response to climate variability and adaptability. Besides, the study aims to identify the coping and adaptation measures adopted by communities within different agro-climatic zones in Mizoram. Figure 3 ).
Materials and Methods

Study Sites
Data Collection
Hypothesizing that mean temperature and precipitation would vary across agro-climatic zones across the state, which may have some impact on the outcome of Note: Increasing (+) and decreasing (−) trends significant at 95% level of significance are marked with "*" sign (compiled from source [32] and additional data set from published sources). the study; it was decided to select study villages from different districts in the state and cover all the three agro-climatic zones (Table 1) . A total of 24 villages (6 in tropical, 12 in sub tropical and 6 in temperate sub alpine zone) were selected for the study. Secondary data was obtained by reviewing literature from both published and unpublished sources. Reconnaissance survey and primary data collection was done in all 24 selected villages across the three agro-ecological zones during 2017-18. The primary data were collected through structured interviews using questionnaires [34] and interviews were conducted face-to-face in a very friendly environment. Additional information was gathered from key informants through focus group discussions. Purposive sampling method was used for selection of the area under study, and random sampling method was used for selection of the respondents. To ensure adequate representation, the selection of respondents was done randomly taking 15 heads/households in each of the twenty four selected villages. A total of three hundred and sixty respondents were interviewed. The representative of the sample was initially tested using descriptive statistics to see the mean, mean and variance differences, stochastic dominance if any.
Pre-tested well structured close ended personal interview schedule was designed. The questionnaire included the socio-economic profile of the respondents like age, gender, education, occupation, awareness about phenomena related to climate change, perception of the impact of climate change on forest ecosystem, perception of the impact of climate change on livelihood and adopted measures related to climate change. The knowledge questions were tested against the responses of "yes" (1) and "no" (0) indicating that the respondent having or not having awareness/knowledge on the specific question. The opinion statements were tested against a three point Likert scale [35] with responses of "agree" (+1), "undecided" (0) and "disagree" (−1). The adaptation practices were assessed against a three point Likert scale with 0, 1 and 2 scores for responses of "don't know", "not adopted" and "adopted", respectively. 
Statistical Analysis
The collected data from questionnaires were processed, classified and tabulated. 
Results and Discussion
Demographic Attributes and Awareness Level on Climate Change
Demographic attributes of the study population (360 respondents) in 24 villages across three agro-climatic zones in Mizoram are presented in Table 3 . In all agro-climatic zones, more than 50% of the respondents occur in the age groups of 30 -40 and 40 -50 years. Maximum respondents had secondary level (41.1%) Figure 4 . Significant positive correlations were observed between age, educational and occupational groups with the level of awareness. Though, not significant, the level of awareness was negatively correlated with gender groups indicating female have less awareness than males in the study population.
Climate change is nevertheless a global environmental threat. Northeast India in general and Mizoram in particular is much less developed but having diverse agro-climatic zones and hilly terrain compared to the mainland India and thus, the region as a whole is prone to different kinds of climatic shocks. All climatic tributed to human activity directly or indirectly [36] . All the respondents were aware of climate change though with different levels (low, medium and high) and significant positive correlation with the age and education. Similar studies also reported that education had significantly impacted the perception on climate change [37] implying that climate change happenings might have different perceptions with variations in educations, all things being equal. Higher and technical education brings about exposure to new areas and access to information on improved technologies; hence more awareness campaigns needs to be organized as more than 60% of the respondents were only up to secondary level.
Awareness and educational exposure trainings also need to be focused on lower age groups as the level of awareness is low to medium in respondents aged below 60 years, and moreover, they form the most vulnerable section of stakeholders not ready to negotiate/address climate change mitigation and adaptation in years to follow.
In the present study most concerns were raised by forest dwellers on climatic variability are increasing temperature, irregularity in rainfall, dry spell during summer and decreasing winter. Similar observations have been observed by farmers' elsewhere [38] [39] [40] . Majority of the respondents have no doubt in believing that human activity is playing significant role in climate change [41] and the level of perception is related to education [42] . We, however, encountered a variation in perception across the agro-climatic zones, the lowest level of perception for humid mild tropical zone. Like many other reports, majority of the farmers' opined increased temperature bring changes to forest composition and increased incidents of pests and diseases. Climate also impacted health, crop and livestock and forest dwellers' income. However, they are unwilling to move out of the forest believing that nature as savior [31] . The perception of the respondents on decrease of forest area match with the Forest Survey of India records [33] . The causes of decrease in forest and woodland cover were perceived to be population pressure and increasing demand for fuel wood and construction materials. This implies that there will be decrease in forest products such as wood and NTFPs and forage. The decrease in forest cover would negatively impact the environment and reduce the ecosystem services such as soil and water conservation ability, carbon stock, pollination services etc. [43] . Increasing run-off, as a result of intense but short duration rainfall, is causing poor accumulation of water in soil, thereby resulting in the drying up of water pools [30] . Early ripening of crops is observed by these people, which is consistent with early onset of flowering and growing season; and further proliferation of weeds and pests are simultaneously observed in wild plants both by the local people and scientists [29] .
Forest Dwellers' Perception of Climate Change
Overall perception of the forest dwellers vis-à-vis events due to change in tem- Figure 5 ). This is because 85% of the respondents perceived increase in average day and night temperature including mildness in winter (76.1%) and warming of winds (61.9%). However, the overall perception of the community of the change in precipitation related phenomena and of the change in regularity and duration of seasonal events is low with average perception scores of 0.26 and 0.23 respectively ( Figure 5 ). But when considering some individual statements related to change in precipitation, interestingly almost all the respondents believed that rainfall get unpredictable day by day (85.0%) with changed intensity and pattern (76.1%) but generally arriving late (92.2%) and withdrawing early (71.9%) over the past few decades. Considering the individual statements relating to abnormalities of seasons, it is found that almost all of the respondents apprehended (more than 80%) climate related hazards like unpredictable seasons and believed that droughts, floods and dry spells have increased with proportionate decrease in the duration of winter. The current perception of the villagers of climate change impacts compared to the past 5 years is presented in Figure 6 . Majority of the respondents perceived increase in the intensity of sun's heat (84.2%), followed by increased frequency of river drying up (65.7%) and increase in incidence of human diseases (64.3%).
Also, a majority of the respondents perceived a decrease in intensity of rainfall (40.6%). Based on the average perception score of 0.10 after assigning scores to different risk perception statements, it is found that the level of perception of the community is low (Table 6 ) as majority of the people in developing countries have limited knowledge of physical processes leading to climate change [44] . The community's perception on livelihood and socio-economic risks were higher than on risk to environment or forest. Perception scores with high risk as a result of climate change were observed in increasing poverty with reduced income 
Impact of Climate Change on Forest Resources and Biodiversity
The level of perception on impact of climate change on forest ecology in terms of abiotic ecological factors, flora and fauna records average score between 0.66 and 0.62 respectively. And the impact of climate change on livelihood of forest-dependent communities is medium whose average perception score is 0.44 (Table 7) . Considering the specific impact statements on forest abiotic ecological factors, high impacts were observed in decrease in forest area cover (0.68), de- 
Adaptation Response to Climate Change
Based on the survey, 31.9% of the respondents opined climate change is caused partly by nature and partly by human, followed by entirely human (30.3%) and mainly human (17.5%) as presented in Figure 7 . A quarter of the respondents (24.7%) showed no concern of climate change, while the remaining showed concerned in the order: very much concerned (46.7%) > fairly concerned (25.5%) > concerned (3.1%). Considering the adaptive capacity based on awareness-adoption mean scores of each adaptation options (0.07 -0.91), the adaptive 
Conclusion
Forest is the most important land use in Mizoram occupying over 86.27% geographical area of the state. It provides numerous supporting, provisioning, regulating and cultural services to mankind. In view of the fact that climate change is a reality and together with the existing socio-economic processes such as ongoing shifting cultivation, deforestation, forest fragmentation and other form of habitat loss, population growth, urbanization etc. as unignorable facts, climate change would lead to significant change in the delivery of such services. The increasing temperature, changes in rainfall patterns, more intense and frequently occurring extreme events will continue to affect the future service provisions and livelihoods depended on forests. Some site specific impacts of climate change involving non-commercial products are expected to produce additional stresses on people having limited adaptive capacity. Forest structure is changing at a faster rate, many of the mixed and broadleaved forests are being now converted to single storied bamboo forests causing destruction of habitat to wildlife and unable to hold much of the services for mankind. The repeated forest fires have been accelerating the loss of plants and animal diversity from the ecosystems.
The need of the hour is therefore to adapt measures which will be people-centric and transparent and will be able to respond to short term risks. Besides, adaptation measures are required to address the present state of limitations and uncertainties about climate change impacts on forests and forest-dependent communities, in order that improved management and policy measures for wise/intelligent adaptation to climate changes are made sustainable.
